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1. 

DYNAMIC CONTENT LAYOUT FOR AUSER 
INTERFACE DISPLAY 

FIELD 

Some embodiments of the present invention relate to user 
interface displays. In particular, some embodiments may 
comprise systems and methods wherein content layout is 
performed dynamically for a user interface display. 

BACKGROUND 

In some cases, a user interface display will include multiple 
display elements or objects. For example, a web page might 
include a horizontal series of "tabs' that can be selected by a 
user (and, upon selection, may result in a new or modified 
web page being displayed). Note that the overall size of a user 
interface display might vary. For example, a user might 
reduce the overall size of a web browser window (or of a 
frame within a web page). As a result, it might not be possible 
to include all of the display elements on the newly re-sized 
display. That is, some of the display elements will be “cut off 
or exist outside the newly re-sized display. 
A web browser application could calculate, at run time, 

which display elements should currently be included on a 
display. This, however, can be a complex determination that 
needs to be performed continuously. As a result, the perfor 
mance of a system can be significantly reduced. As another 
approach, a web browser application might perform the work 
of rending all display elements, including even those that will 
not be visible in the current user interface display area. These 
unnecessary rendering tasks can also reduce the performance 
of the system. 

Further note that a selection of which display elements will 
be included (and which ones will not be included) could be 
performed in a number of different ways. Moreover, different 
browsers may have different approaches to such selections. 
As a result, using different browsers may result in content 
being shown differently (e.g., a display might look or act 
differently when rendered by Internet ExplorerR) as com 
pared to FirefoxR) because different calculations, consider 
ations, and/or rules might be applied). Such inconsistencies 
may confuse or annoy a user. 

Approaches that may improve the performance of systems 
that render user interface displays may be desired. Moreover, 
it may advantageous to provide a consistent user experience 
and to do so in an efficient and convenient manner. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a system according to some 
embodiments of the present invention. 

FIG. 2 illustrates a display having display elements in 
accordance with Some embodiments. 

FIG. 3 is a method of facilitating presentation of a user 
interface display according to Some embodiments. 

FIG. 4 is a dynamic display table according to some 
embodiments of the invention. 

FIG.5 illustrates a display prior to being re-sized according 
to Some embodiments. 

FIG. 6 illustrates a display after being re-sized according to 
Some embodiments of the invention. 

FIG. 7 is a block diagram of a system according to some 
embodiments of the present invention. 

FIG. 8 is a block diagram of an apparatus in accordance 
with some embodiments. 
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2 
FIG. 9 illustrates a display having vertically arranged dis 

play elements in accordance with some embodiments. 

DETAILED DESCRIPTION 

To address some of the problems described in the back 
ground section of this application, dynamic content layout 
systems, methods, and apparatus may be provided. For 
example, FIG. 1 is block diagram of a system 100 in accor 
dance with some embodiments. In particular, a user interface 
display server 110 might transmit information to a user inter 
face display client 120. For example, the sever 110 might 
transmit information about a web page to a remote client 
device 120 executing a browser application. As used herein, a 
device may be “remote” in that it is physically located distant 
from another device and/or in that it communicates with 
another device via one or more communication networks. The 
server 110 and client device 120 may then operate in accor 
dance with any of the embodiments described herein. 

According to some embodiments, the server 110 and/or 
client device 120 facilitate an automated layout of content for 
a user interface display. As used herein, the term “automated 
indicates that at least some part of a step associated with a 
process or service is performed with little or no human inter 
vention. By way of examples only, the client device 120 might 
automatically select appropriate display elements to be 
included on a user interface display. The client device 120 
might be associated with a Personal Computer (PC), a note 
book computer, a workstation, a wireless device, a wireless 
telephone, a set-top device, a television, a digital video 
recorder, a game platform, and/or a Personal Digital Assistant 
(PDA). The server 110 might be associated with, for example, 
a web server, a portal server, an enterprise application, and/or 
a database. 
Any of the devices described in connection with the system 

100 might, according to some embodiments, exchange infor 
mation via a communication network. As used herein, devices 
(including those associated with the server 110 and client 
device 120) may exchange information via any communica 
tion network, such as a Local Area Network (LAN), a Met 
ropolitan Area Network (MAN), a Wide Area Network 
(WAN), a proprietary network, a Public Switched Telephone 
Network (PSTN), a Wireless Application Protocol (WAP) 
network, an Ethernet network, a wireless LAN network, and/ 
or an Internet Protocol (IP) network such as the Internet, an 
intranet, or an extranet. Note that any devices described 
herein may communicate via one or more such communica 
tion networks. 
The devices of FIG. 1 might, according to some embodi 

ments, be accessible via a Graphical User Interface (GUI). 
The GUI might be associated with a web page or portal 
display and may be used, for example, to dynamically display 
and receive financial and/or business information associated 
with an enterprise. 

Although a single server 110 and client device 120 are 
shown in FIG. 1, any number of such devices may be 
included. Moreover, various devices described herein might 
be combined or co-located according to embodiments of the 
present invention. 

In some cases, the server 110 might transmit information 
about a user interface display (e.g., a web page) to the client 
device 120. Note, however, that different types of client 
devices 120 and/or web browser applications might not share 
a single control approach to handle user interface elements in 
web pages (e.g., user selectable tabs or buttons). That is, there 
might be no single service that manages the behavior of a 
page and its elements. As a result, using different browsers at 
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client devices 120 could result in content being shown differ 
ently (e.g., a display might look or act differently when ren 
dered by Internet Explorer(R) as compared to FirefoxR) 
because different calculations, considerations, and/or rules 
might be applied). 

Consider, for example, FIG. 2 which illustrates a full 
screen display 200 with a number of display elements 210 
(elements A through F). Note, however, that a user might be 
allowed to re-size the browser window (or an applicable 
frame within the browser window) such that not all of the 
elements A through F will fit on the display. In this case, the 
client device 120 might need to determine which of the dis 
play elements 210 will be included in the newly sized display. 
Such a determination may be time consuming process that 
degrades the user experience. 

To improve the performance of the system 100, the client 
device 120 may include a communication device (e.g., a 
communication port) to receive data from the server 110. The 
client device 120 may further include a processor coupled to 
the communication device and a storage device in communi 
cation with the processor storing instructions adapted to be 
executed by the processor to perform a method in accordance 
with any of the various embodiments described herein. 

For example, FIG. 3 illustrates one method that might be 
performed, for example, by the client device 120 described 
with respect to FIG. 1 according to some embodiments. The 
flow charts described herein do not imply a fixed order to the 
steps, and embodiments of the present invention may be 
practiced in any order that is practicable. Note that any of the 
methods described herein may be performed by hardware, 
Software, or any combination of these approaches. For 
example, a computer-readable storage medium may store 
thereon instructions that when executed by a machine result 
in performance according to any of the embodiments 
described herein. 
At 302, an ordered set of display elements associated with 

a user interface display may be determined, and each display 
element may be associated with a display value. For example, 
an ordered set of user selectable tabs, icons, or buttons might 
be provided on a display, and each of those display elements 
could be associated with different widths (that is, the display 
value could represent a number of pixels, millimeters, or 
some other size-related value). Elements A through F of FIG. 
2 are one example of an ordered set of display elements. 

At 304, a dynamic display table may be generated and 
stored in connection with the user interface display, with each 
cell in the dynamic display table representing a pre-deter 
mined sub-set of the display elements and containing a total 
of the display values of the display elements in that sub-set. 
For example, a table cell might be associated with elements C, 
D, and E and include a value representing the total Sum of 
display values for those three elements. 

At 306, an overall display value associated with the user 
interface page may be determined. For example, overall 
width of a web browser window or frame might be deter 
mined after it is re-sized by a user, an application, or an 
operating system. A plurality of cells in the dynamic display 
table may then be automatically evaluated at 308 to select an 
appropriate Sub-set of display elements based on the overall 
display value. It may then be arranged at 310 for the selected 
sub-set of display elements to be presented on the user inter 
face display. For example, only elements B, C, and D might be 
selected and rendered in the example of FIG. 2. 
To facilitate understanding of some embodiments of the 

present invention, consider again the display 200 of FIG. 2 
that includes elements A through F. Note that different ele 
ments are of different sizes, and, for this example, assume that 
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4 
the display elements have the following display unit widths: 
A=10, B=20, C=30, D=12, E=23, and F=15. In this case, FIG. 
4 illustrates a dynamic display table 400 that might be gen 
erated and stored for Such a set of display elements according 
to some embodiments of the invention. In particular, the table 
400 includes six rows associated with elements A through F 
and six columns associated with elements A through F. A 
particular cell located at row X, columny is associated with a 
Subset of display elements X throughy, inclusive. That is, row 
C, column E is associated with the following subset of display 
elements: C, D, and E. Note that the table 400 might be built 
when a web page or frame is initially loaded. Moreover, the 
may be updated when elements are added to or removed from 
the display (e.g., the user might drag and drop an element out 
of a frame) by adding or deleting columns and rows as appro 
priate. 
The value stored in each cell is the combined widths of the 

individual elements in the sub-set. For example, the value 
“65” stored in the cell at row C, column E equals the width of 
element C (30) plus the width of element D (12) plus the 
width of element E (23), or a total of 65 (e.g., pixels). Note 
that widths might or might not include spaces between the 
elements. 

Consider now FIG. 5 illustrating a display 500 with ele 
ments 510 that fit within a current large area 520 (e.g., having 
a width of 140 display units). All six of the elements fit within 
the large area 520, but a user is about to reduce the current 
large area to a new smaller area 530 (illustrated by the arrow 
and dashed box in FIG. 5, and for this example will have a new 
width of 64 display units). Not all of the horizontally ordered 
set of display elements 510 will fit within the smaller area 
S30. 

According to Some embodiments, one of the display ele 
ments 510 may be given a higher priority when a sub-set of 
elements is selected. For example, a user might have previ 
ously selected element C, and thus the system may attempt to 
make sure that element C will still be displayed to the user 
even after he or she re-sizes the display 500. Thus, only cells 
in the table 400 that include element C (illustrated with non 
dashed lines in FIG. 4) might be evaluated by the system. 

Note that the system may want to display the maximum 
number of display elements 510 possible (so long as element 
C is included in the Sub-set). In this case, the appropriate cells 
in the dynamic display table 400 may be examined to deter 
mine which sub-set has the highest value that does not exceed 
the new display width (the new width being 64 display units). 
As a result, the cell at row B, column D is selected. That is, the 
selected sub-set of display elements will be B, C, and D. An 
example of a new display 600 having the reduced size area 
630 is provided in FIG. 6. 

In this way, Some embodiments of the present invention 
may improve the performance of a system whena display size 
is changed and/or when display elements are added to or 
removed from the display (since a simple table lookup can be 
used to select which display elements should be rendered). 
Moreover, the behavior of the user interface may be uniform 
across different situations. That is, a homogenous export of 
the browser layout may provide consistency in the look and 
feel of a user interface. 

FIG. 7 is a block diagram of a system 700 according to 
Some embodiments of the present invention. In particular, a 
basic hierarchy 710 may include a web page 720 (e.g., com 
posed of several frames 730 and being associated with a 
single controller 760). Moreover, each frame 730 may be 
associated with collections of user interface elements and 
with a dynamic table object 770. The dynamic tables 770 may 
be, for example, objects that maintain all the data regarding 
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the content of a frame 730 in a web page 720. The controller 
760 may be, for example, an object that manages and controls 
the functionality, connection, and/or data transfer between 
several dynamic table objects 770. According to some 
embodiments, a table object 770 may be associated with an 
officer of the browser. Each user interface element that may 
by represented dynamically on the browser might behave 
according to the rules defined in the controller 760 that rely on 
information stored in the dynamic table object 770. 

According to some embodiments, the dynamic table object 
770 may contain details regarding the layout of the objects of 
a web page 720. This might be done, for example, using a 
table object 770 that stores all of the information associated 
with the elements that might potentially be rendered for a 
specific frame 730. For example, the table object 770 might 
store a width and height for each element of the frame 730. A 
single cell in the table object 770 might represent an ordered 
sub-set of side-by-side elements. When the user performs an 
action which needs a new calculation of the layout of the 
objects on the screen (or Such a situation automatically arises 
without user action), the application may search the table and 
evaluate each cell for the most appropriate sub-set of objects 
given the new display size situation. According to some 
embodiments, the table object 770 may also be updated when 
a display element is removed from and/or added to the web 
page 720 or frame 730. 

According to Some embodiments, the searching and evalu 
ating may be represented by: 

i 

M =X f(a) at e A 
k=i 

where M comprises the dynamic display table and f 
represents a function to determine a display value of each 
display element (e.g., a width and/or height). 

According to some embodiments the table object 770 may 
be passed as an attribute and/or, upon opening a new window 
the table object 700 may be sent as parameter to improve 
performance. Note that the table object 770 might be loaded 
with values on a first loading of a web page 720 and may be 
saved in a browser cache. Note that a table object 770 could 
potentially include more than two dimensions (e.g., with 
additional dimensions representing different aspects of infor 
mation). According to Some embodiments, a “template table' 
might be provided for different types of pages having similar 
elements with the same behavior and attributes. The template 
table may then be re-used several times for different pages. 
The system 700 might be implemented, for example, via one 
or more Application Programming Interfaces (APIs) and/or a 
software library that provides API for web developers. The 
API might, for example, be used to minimize the performance 
overhead associated with implementing and executing the 
system 700. 

Such a system 700 may improve performance, for 
example, when a user Scrolls through information in a 
browser window or frame. It may also be helpful when the 
user drags and/or drops display elements and/or when he or 
she re-sizes a window of a browser or a frame within a web 
page. Moreover, according to some embodiments, the system 
may consider the current resolution of the display screen, 
whether or not a display is currently rotated (e.g., by 180 
degrees), and/or when a display is split or un-split by a user. 
The dynamic display table objects 770 might also be used to 
keep statistic information about each element or square and a 
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6 
history of related objects. For example, each square might 
contain a class which has information regarding the specific 
coordinate (e.g., width, height, depth, and/or statistic param 
eters). Note that a display table object 770 could include one 
or more “dummy” values used to reserve a portion of a display 
(that is, at least one cell in the dynamic display table may be 
associated with a non-visible display element). 

FIG. 8 is a block diagram of an apparatus 800 inaccordance 
with some embodiments of the present invention. The appa 
ratus 800 might, for example, comprise a platform or engine 
associated with the client device illustrated in FIG. 1. The 
apparatus 800 includes a processor 810, such as one or more 
INTEL(R) Pentium(R) processors, coupled to a communication 
device 820 configured to communicate via a communication 
network (not shown in FIG. 8). The communication device 
820 may be used to exchange information with a remote 
SeVe. 

The processor 810 is also in communication with an input 
device 840. The input device 840 may comprise, for example, 
a keyboard, amouse, or computer media reader. Such an input 
device 840 may be used, for example, re-size or scroll a 
display window and/or to select or activate display elements 
withina window. The processor 810 is also in communication 
with an output device 850. The output device 850 may com 
prise, for example, a display screen or printer. Such an output 
device 850 may be used, for example, to provide a portal or 
web page to a user. 
The processor 810 is also in communication with a storage 

device 830. The storage device 830 may comprise any appro 
priate information storage device, including combinations of 
magnetic storage devices (e.g., hard disk drives), optical Stor 
age devices, and/or semiconductor memory devices such as 
Random Access Memory (RAM) devices and Read Only 
Memory (ROM) devices. The storage device 830 stores a 
program 815 for controlling the processor 810. The processor 
810 performs instructions of the program 85, and thereby 
operates in accordance any embodiments of the present 
invention described herein. For example, the processor 810 
may determine an ordered set of display elements for a user 
interface display, each display element being associated with 
a display value. The processor 810 may then create a dynamic 
display table for the display page, with each cell in the 
dynamic display table representing a sub-set of the display 
elements and containing a total of the display values of the 
display elements in that Sub-set. An overall display value may 
be determined by the processor 810 for the user interface 
page, and a plurality of cells in the dynamic display table may 
be evaluated to select an appropriate sub-set of display ele 
ments based on the overall display value. It may then be 
arranged for the selected sub-set of display elements to be 
presented on the user interface display (e.g., via the output 
device 850). 
As used herein, information may be “received by or 

“transmitted to, for example: (i) the apparatus 800 from 
other devices; or (ii) a software application or module within 
the apparatus 800 from another software application, module, 
or any other source. 
As shown in FIG. 8, the storage device 830 also stores the 

dynamic layout table 400. One example of such a table 400 
that may be used in connection with the apparatus 800 was 
described in detail with respect to FIG. 4. The illustration and 
accompanying description of the table presented herein is 
merely exemplary, and any number of other table and/or 
database arrangements could be employed besides those Sug 
gested by the figure. For example, different tables associated 
with different display values might be stored at the apparatus 
8OO. 
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Thus, some embodiments may help solve problems asso 
ciated with losing information (e.g., display elements) during 
a lifecycle of the web page. It may also reduce the heavy 
calculation associated with content layout for a browser, 
which can also cause information to be lost. Moreover, some 
embodiments are associated with techniques to help a 
browser select and display information relatively quickly 
without the need for heavy processing (and without losing 
data and important information of interest to a user). 

Performance improvements for layout calculations of 
composite web pages during the lifecycle of the web page 
may be provided, for example, during navigation, resizing, 
opening new window, Scrolling, dragging, and dropping. 
Embodiments might also provided relatively high granular 
events for showing and/or hiding elements on a page during 
an initial rendering, resizing, and/or scrolling for applications 
running on a web page. Moreover, Some embodiments, may 
manage and/or control the behavior of all dynamic user inter 
face elements according to predefined and consistent rules. 
The following illustrates various additional embodiments. 

These do not constitute a definition of all possible embodi 
ments, and those skilled in the art will understand that many 
other embodiments are possible. Further, although the fol 
lowing embodiments are briefly described for clarity, those 
skilled in the art will understand how to make any changes, if 
necessary, to the above description to accommodate these and 
other embodiments and applications. 

For example, although embodiments have been described 
as being used to select a Subset of horizontally ordered display 
elements, embodiments may be used with respect to other 
types and arrangements of objects. For example, FIG. 9 illus 
trates a display 900 having vertically arranged display ele 
ments 910 (elements A through D) in accordance with some 
embodiments. In this case, a dynamic table could store values 
representing total heights of various Subsets of the display 
elements 910. Moreover, although particular types of user 
interface displays have been described, embodiments may be 
associated with any other type of display (e.g., the invention 
is not limited to web browser displays). 
The several embodiments described herein are solely for 

the purpose of illustration. Persons skilled in the art will 
recognize from this description other embodiments may be 
practiced with modifications and alterations limited only by 
the claims. 
What is claimed is: 
1. A method associated with a user interface display, com 

prising: 
determining an ordered set of display elements associated 

with the user interface display, each display element 
being associated with a display value; 

storing a dynamic display table for a display page, each cell 
in the dynamic display table containing a total of the 
display values of the display elements in a Sub-set, 
wherein a first cell of the dynamic display table is asso 
ciated with a first display element and a second cell of 
the dynamic display table is associated with a second 
display element, and wherein the first cell comprises a 
display value associated the first element added to a 
display value associated with the second cell; 

determining an overall display value associated with a user 
interface page; 

automatically evaluating, by a processor, a plurality of cells 
in the dynamic display table to select an appropriate 
sub-set of display elements based on the overall display 
value; and 

arranging for the selected Sub-set of display elements to be 
presented on the user interface display, wherein the 
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8 
dynamic display table is associated with a web browser 
controller and the dynamic display table is passed as an 
attribute when the user interface display is initially cre 
ated. 

2. The method of claim 1, wherein the display values are 
associated with at least one of: (i) display element widths, or 
(ii) display element heights. 

3. The method of claim 1, wherein the user interface dis 
play comprises at least one of: (i) a web page, or (ii) a web 
page frame. 

4. The method of claim 1, wherein the display elements are 
associated with at least one of: (i) user selectable tabs, or (ii) 
user selectable buttons. 

5. The method of claim 1, wherein the dynamic display 
table is stored in a browser cache. 

6. The method of claim 1, wherein a plurality of display 
values are stored in each cell of the dynamic display table. 

7. The method of claim 1, wherein a first display element is 
designated as a priority display element and said evaluating is 
performed based on the priority display element. 

8. The method of claim 1, further comprising: 
updating the dynamic display table based on: (i) a display 

element being removed from the user interface display, 
or (ii) a display element being added to the user interface 
display. 

9. The method of claim 1, wherein at least one cell in the 
dynamic display table is associated with a non-visible display 
element. 

10. A display system, comprising: 
a storage device storing a dynamic display table associated 

with an ordered set of display elements of a user inter 
face display, each display element having a display 
value, wherein each cell in the dynamic display table 
contains a total of the display values of the display 
elements in a sub-set, wherein a first cell of the dynamic 
display table is associated with a first display element 
and a second cell of the dynamic display table is asso 
ciated with a second display element, and wherein the 
first cell comprises a display value associated the first 
element added to a display value associated with the 
second cell; 

a controller to: (i) determine an overall display value asso 
ciated with a user interface page, (ii) evaluate a plurality 
of cells in the dynamic display table to select an appro 
priate sub-set of display elements based on the overall 
display value, and (iii) arrange for the selected Sub-set of 
display elements to be presented on the user interface 
display, wherein the dynamic display table is associated 
with a web browser controller and the dynamic display 
table is passed as an attribute when the user interface 
display is initially created. 

11. The display system of claim 10, wherein the display 
values are associated with at least one of: (i) display element 
widths, or (ii) display element heights. 

12. The display system of claim 10, wherein the user inter 
face display comprises at least one of: (i) a web page, or (ii) a 
web page frame. 

13. The display system of claim 10, wherein the display 
elements are associated with at least one of: (i) user selectable 
tabs, or (ii) user selectable buttons. 

14. A computer-readable non-transitory storage medium 
storing processor-executable process steps associated with a 
web page, the process steps comprising: 

determining an ordered set of user interlace elements asso 
ciated with the web page, each user interface element 
being associated with a display size; 
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storing a display table for a display page, each cell in the evaluating a plurality of cells in the display table to select 
display table containing a total of the display sizes of the an appropriate sub-set of user interface elements based 
user interface elements in a sub-set, wherein a first cell on the overall display size; and 
of the display table is associated with a first display arranging for the selected Sub-set of user interface ele 
element and a second cell of the display table is associ- 5 ments to be presented on the web page, wherein the 
ated with a second display element, and wherein the first display table is associated with a web browser controller 

and the display table is passed as an attribute when the 
user interface display is initially rendered. 

15. The medium of claim 14, wherein the display table is 
10 stored in a browser cache. 

cell comprises a display value associated the first ele 
ment added to a display value associated with the second 
cell; 

determining an overall display size associated with a user 
interface page; k . . . . 


